Oscillation constants of nonlinear differential equations with delay(Functional Equations Based upon Phenomena) by 山岡, 直人
Title Oscillation constants of nonlinear differential equations withdelay(Functional Equations Based upon Phenomena)
Author(s)山岡, 直人




Type Departmental Bulletin Paper
Textversionpublisher
Kyoto University







. , $‘=d/dt,$ $\alpha>0,0<c\leq 1$ , $a(t)$ $(0, \infty)$
, $f(y)$
$yf(y)>0(y\neq 0)$ . ,




. , $\lambda>(\alpha/(\alpha+1))^{\alpha+1}$ , (2) , $\lambda\leq$
$(\alpha/(\alpha+1))^{\alpha+1}$ , (2) ([1, 31
). , $(\alpha/(\alpha+1))^{\alpha+1}$ , (2)
$\lambda$ . , ([5, 61 ).
(2) , (1) , , , (
) . ,
, (1) $\alpha$ $c$
. , $a(t),$ $f(y)$
$a(t)= \frac{l}{t^{\alpha+1}(\log t)^{2}}$, $f(y)=\delta|y|^{\alpha-1}y(\delta>0)$
. , (1)
$(|x’(t)|^{\alpha-1}x’(t))’+( \frac{\alpha}{\alpha+1})^{a+1}\frac{1}{t^{\alpha+1}}|x(t)|^{\alpha-1}x(t)+\frac{\delta}{t^{\alpha+1}(\log t)^{2}}|x(ct)|^{a-1}x(ct)=0$ (3)
.
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(i) $\alpha=1$ , (3)
$x”(t)+ \frac{1}{4t^{2}}x(t)+\frac{\delta}{t^{2}(\log t)^{2}}x(ct)=0$ (4)
. (4) Sugie and Iwasaki [41 ,
$\delta>1/(4\sqrt{c})$ .
(ii) $c=1$ , (3)
$(|x’|^{\alpha-1}x’)’+ \frac{1}{t^{\alpha+1}}\{(\frac{\alpha}{\alpha+1})^{\alpha+1}+\frac{\delta}{(\log t)^{2}}\}|x|^{\alpha-1}x=0$ (5)
. (5) Elbert and Schneider [21 ,
$\delta>(\alpha/(\alpha+1))^{\alpha}/2$
.
, ( $c$ ), (3)
, $\alpha$ , (3) . ,
$c$ $\alpha$ , (3) (1)
( ) .




$\delta$ . , (1) .
A ,
$\delta>\frac{1}{2c^{a^{2}/(\alpha+1)}}(\frac{\alpha}{\alpha+1})^{\alpha}$
, (3) , (
) ,
$\frac{1}{2c^{\alpha^{2}/(\alpha+1)}}(\frac{\alpha}{\alpha+1})^{\alpha}$
(3) . , ,




$0 \leq a(t)\leq\frac{l}{t^{\alpha+1}(\log t)^{2}}$ (6)
, $f(y)$ , $y>0$ $y<0$ . $|y|$
$\frac{f(y)}{|y|^{\alpha-1}y}\leq\delta<\frac{1}{2c^{\alpha^{2}/(\alpha+1)}}(\frac{\alpha}{\alpha+1})^{\alpha}$ (7)
$\delta$ . , (1) .
. (7) , 1 $y>0$ $y<0$
, . , $y>0$ .
Elbert and Schneider $[2, Corol1\eta 1]$ ,
$(|y’|^{\alpha-1}y’)’+ \frac{1}{t^{\alpha+1}}(\frac{\alpha}{\alpha+1})^{\alpha}$
.
$|y|^{a-1}y+ \frac{1}{2}(\frac{\alpha}{\alpha+1})^{\alpha}\frac{l}{t^{a+1}(\log t)^{2}}|y|^{\alpha-1}y=0$ (8)
$y(t)=t^{\alpha/(\alpha+1)}(\log t)^{1/(\alpha+1)}(M_{1}+O(1/\log t))$ as $tarrow\infty$ (9)
$y(t)$ . , $M_{1}\neq 0$ ,
$O$ . , $-y(t)$ (8) , $M_{1}>0$
. , $y(t)$ $t$ .
(7) ,
$\delta<\frac{1}{2c^{\alpha^{2}/(\alpha+1)}}(\frac{\alpha}{\alpha+1})^{\alpha}(\frac{1-\epsilon_{0}}{1+\epsilon_{0}})^{\alpha}$ $0<\epsilon_{0}<1$ (10)
$\epsilon_{0}$ , (9) , $t$ ,
$| \frac{y(t)}{t^{\alpha/(\alpha+1)}(\log t)^{1/(\alpha+1)}}-M_{1}|<\frac{M_{2}}{\log t}$
$M_{2}>0$ , $y(t)$ $t_{0}>0$ ,
$| \frac{y(t)}{t^{\alpha/(a+1)}(\log t)^{1/(\alpha+1)}}-M_{1}|<M_{1}\epsilon_{0}$ for $t\geq t_{0}$
. ,
$(1-\epsilon_{0})M_{1}t^{\alpha/(\alpha+1)}(\log t)^{1/(\alpha+1)}<y(t)<(1+\epsilon_{0})M_{1}t^{\alpha/(\alpha+1)}(\log t)^{1/(\alpha+1)}$ for $t\geq t_{0}$
,
$\frac{y(t)}{y(ct)}>\frac{(1-\epsilon_{0})M_{1}t^{\alpha/(\alpha+1)}(\log t)^{1/(\alpha+1)}}{(1+\epsilon_{0})M_{1}(ct)^{\alpha/(\alpha+1)}(\log(ct))^{1/(\alpha+1)}}>\frac{1-\epsilon_{0}1}{1+\epsilon_{0}c^{\alpha/(\alpha+1)}}$ for $t\geq t_{1}$ (11)
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. , $t_{1}=t_{0}/c$ .
, (8)
$y’(t)\geq 0$ for $t\geq t_{0}$ and $\lim_{tarrow\ovalbox{\tt\small REJECT}}y’(t)=0$ (12)
. , , $y’(t_{2})<0$ $t_{2}\geq t_{0}$ .
$y(t)$ $t\geq t_{0}$ , (8) ,
$(|y^{j}(t)|^{\alpha-1}y’(t))’=- \frac{1}{t^{\alpha+1}}((\frac{\alpha}{\alpha+1})^{\alpha+1}+\frac{1}{2}(\frac{\alpha}{\alpha+1})^{\alpha}\frac{1}{(\log t)^{2}})|y(t)|^{\alpha-1}y(t)$
$<0$ for $t\geq t_{0}$
. ,
$|y’(t)|^{\alpha-1}y’(t)\leq|y’(t_{2})|^{\alpha-1}y’(t_{2})$ for $t\geq t_{2}$
, $y’(t)\leq y’(t_{2})(t\geq t_{2})$ . ,
$y(t)<y’(t_{2})(t-t_{2})+y(t_{2})arrow-\infty$ as $tarrow\infty$
, $y(t)$ $t\geq t_{0}$ . , $y’(t)\geq 0(t\geq t_{0})$ .
, $\lim_{tarrow\infty}y’(t)=0$ . $y(t)(t\geq t_{0})$ , (8)
, $y’(t)$ $t\geq t_{0}$ . , $y’(t)\searrow\alpha(tarrow\infty)$




. , (8) $t$ $t(>\sim t)$ ,
$|y’(t \sim)|^{\alpha-1}y’(t\gamma-|y’(t)|^{\alpha+1}y’(t)=-\int_{t}^{t}\sim(q(s)|y(s)|^{\alpha-1}y(s)$
$+ \frac{1}{2}(\frac{\alpha}{\alpha+1})^{\alpha}\frac{l}{s^{\alpha+1}(\log s)^{2}}|y(s)|^{\alpha-1}y(s))ds$
. , $t\simarrow\infty$ , (12) , $y(t)$
$|y’(t)|^{\alpha-1}y’(t)= \int^{\infty}(q(s)|y(s)|^{\alpha-1}y(s)$
$+ \frac{1}{2}(\frac{\alpha}{\alpha+1})^{a}\frac{l}{s^{\alpha+1}(\log s)^{2}}|y(s)|^{\alpha-1}y(s))ds$ for $t\geq t_{0}$
90







$= \int^{\infty}(q(s)|y(s)|^{\alpha-1}y(s)+a(s)f(y(cs)))ds$ for $t\geq t_{1}$
. , $y(t)$
$y’(t)>(l^{\infty}(q(s)|y(s)|^{\alpha-1}y(s)+a(s)f(y(cs)))ds)^{1/\alpha}$ for $t\geq t_{1}$ (13)
.
$\{x_{n}\},$ $\{w_{n}\}$
$x_{1}(t)=y(t)$ for $t\geq t_{0}$ ,
$w_{1}(t)=y’(t)$ for $t\geq t_{1}$ ,
$w_{n+1}(t)=(l^{\infty}(q(s)|x_{n}(s)|^{\alpha-1}x_{n}(s)+a(s)f(x_{n}(cs)))ds)^{1/\alpha}$ for $t\geq t_{1}$ ,
$x_{n+1}(t)=\{\begin{array}{ll}y(t) for t_{0}\leq t\leq t_{1},\int_{t_{1}}^{t}w_{n+1}(s)ds+y(t_{1}) for t>t_{1}\end{array}$
. ,
$0<w_{n+1}(t)\leq w_{n}(t)$ , for $t\geq t_{1}$
(14)
$0<x_{n+1}(t)\leq x_{n}(t)$ , for $t\geq t_{0}$
. .
$y(t)$ $t\geq t_{0}$ ,
$w_{2}(t)=( \int^{\infty}(q(s)|x_{1}(s)|^{\alpha-1}x_{1}(s)+a(s)f(x_{1}(cs)))ds)^{1/\alpha}$
$=( \int^{\infty}(q(s)|y(s)|^{\alpha-1}y(s)+a(s)f(y(cs)))ds)^{1/\alpha}$





$<y’(t)=w_{1}(t)$ for $t\geq t_{1}$
. , $w_{2}(t)$ , $x_{2}(t)$ , $x_{2}(t)$ ,
$x_{2}(t)= \int_{t_{1}}^{t}w_{2}(s)ds+y(t_{1})$
$\leq\int_{t_{1}}^{t}w_{1}(s)ds+y(t_{1})=\int_{t_{1}}^{t}y’(s)ds+y(t_{1})$
$=y(t)-y(t_{1})+y(t_{1})=y(t)=x_{1}(t)$ for $t\geq t_{1}$
, $t_{0}\leq t\leq t_{1}$ , $x_{2}(t)=y(t)=x_{2}(t)$ . , $n=1$ ,
(14) .





$\leq\int_{t_{1}}^{t}w_{k}(s)ds+y(t_{1})=x_{k+1}(t)$ for $t\geq t_{1}$
. $x_{k+2}(t)$ , $t_{0}\leq t\leq t_{1}$ , $x_{k+2}(t)=y(t)=x_{k+1}(t)$ .
$w_{k+2}(t)$ $x_{k+2}Q$) , $n=k+1$
(14) .
, $x(t)= \lim_{narrow\infty}x_{n}(t),$ $w(t)= \lim_{narrow\infty}^{\backslash }w_{n}(t)$ . , $x_{n}(t)$
$x(t)= \lim_{narrow\infty}x_{n}(t)\geq\lim_{narrow\infty}x_{n}(t_{1})=y(t_{1})>0$ for $t\geq t_{1}$
. (14) , $\{x_{n}\}$ $\{w_{n}\}$ ,
, $x(t)$ $w(t)$ ,
$x(t)= \int_{t_{1}}^{t}w(s)ds+y(t_{1})$ for $t\geq t_{1}$ ,
$w(t)=(l^{\infty}(q(s)|x(s)|^{\alpha-1}x(s)+a(s)f(x(cs)))ds)^{1/\alpha}$ for $t\geq t_{1}$
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. , $x(t)$ ,
$x’(t)=w(t)=( \int_{t}^{\infty}(q(s)|x(s)|^{\alpha-1}x(s)+a(s)f(x(cs)))ds)^{1/\alpha}>0$ for $t\geq t_{1}$
. $\alpha$ , , $x(t)$ $t\geq t_{1}$
$(x’(t)^{\alpha})’+q(t)|x(t)|^{\alpha-1}x(t)+a(t)f(x(ct))=0$
. $x’(t)>0(t\geq t_{2})$ , (1)
$x(t)$ .
[1] O. $Do\S 1\acute{y}$ , Oscillation criteria for half-linear $s$econd order differential equations, Hiroshima
Math. J., 28 (1998), 507-521.
[2] \’A. Elbert and A. Schneider, Perturbations of the half-linear Euler differential equation,
Results in Mathematics, 37 (2000), 56-83.
[3] HJ. Li and C.C. Yeh, Nonoscillation criteria for second-order half-linear differential equa-
tions, Appl. Math. Lett., 8 (1995), 63-70.
[4] J. Sugie and M. Iwasaki, Oscillation of the Riemann-Weber version of Euler differential
equations with delay, Georgian Math. J., 7 (2000), 577-584.
[5] J. Sugie, K. Kita and N. Yamaoka, Oscillation constant of second-order non-linear self-
adjoint differential equations, Ann. Mat. Pura Appl. (4), 181 (2002), 309-337.
[6] C.A. Swanson, Comparison and Oscillation Theory of Linear Differential Equations, Aca-
demic Press, New York-London, 1968.
[7] N. Yamaoka and J. Sugie, Oscillation caused by delay perturbation in half-linear differen-
tial equations, Dynam. Systems Appl., 14 (2005), 365-380.
93
